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ABSTRACT 


This  report  is  concerned  with  that  part  of  Project  2.3  which  studied 
the  activities  induced  in  the  surface  of  the  earth  near  ground  zero  by 
neutrons  released  from  a  nuclear  detonation. 

Genoa- ray  spectral  measurements  of  Sevada  Test  Site  soil  obtained 
frca  the  vicinity  of  ground  zero  following  Shots  1,  k,  and  7  have  been 
studied.  Fran  these  it  is  concluded  that  the  relative  quantities  of 
observed  neutron- induced  activity  to  fission- fallout  activity  are  func¬ 
tions  of  height,  yield,  and  type  of  detonation. 

Ten  different  soil  samples  were  exposed  to  the  neutrons  from  Shot  5* 
While  only  Ha?1*  and  Nn^  activities  could  be  definitely  found  in  signifi¬ 
cant  quantities  in  all  soils,  the  relative  mounts  of  these  two  radio¬ 
isotopes  varied  over  a  considerable  range  and,  within  reasonable  accuracy, 
can  be  said  to  have  been  activated  in  proportion  to  the  amount  of  sodium 
and  manganese  atens  present  in  the  soil  at  the  time  of  irradiation. 
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FOREWORD 


This  report  present*  the  final  results  of  one  of  the  56  projects  compris¬ 
ing  the  Military  Effects  Program  of  Operation  Teapot,  which  included  14 
test  detonations  at  the  Nevada  Test  Site  in  1955* 

For  overall  Teapot  military-effects  information,  the  reader  is  re¬ 
ferred  to  "Sunary  Report  of  the  Technical  Director.  Military  Effects 
Program,"  WT-1153,  which  includes  the  following:  (1)  a  description  of 
each  detonation  including  yield,  zero-point  environment,  type  of  devloe, 
ambient  atmospheric  conditions,  etc.;  (2)  a  discussion  of  project  results; 
(3)  a  summary  of  the  objectives  and  results  of  each  project;  and  (4)  a 
listing  of  project  reports  for  the  Military  Effects  Program. 
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Chapter  I 

INTRODUCTION 


1.1  SCOPE  OF  THIS  REPOST 

Following  a  nuclear  detonation,  gamma  radiation  Is  observed  in  the 
vicinity  of  ground  zero.  The  sources  of  this  radiation  are  radioactive 
nuclei  formed  either  by  the  fission  process  or  by  nuclear  transmutations 
induced  by  neutrons.  Fission  products  and  neutron  induced  radioactive 
isotopes  formed  by  neutron  reactions  in  any  material  which  is  thrown  into 
the  air  appear  as  fallout.  The  distribution  of  this  fallout  is  dependent 
on  the  size  and  height  of  burst  and  the  mete orologic fill  conditions  at  the 
time  of  burst.  Radioactivity  may  also  be  induced  in  any  other  matter  in 
the  vicinity  by  neutrons  which  escape  from  the  device. 

Project  2,3,  Operation  Teapot,  studied  the  spectra  of  both  types  of 
residual  gamma  radiation.  This  report  covers  those  parts  of  the  project 
which  studied  neutron  induced  activities  exterior  to  the  device,  specifi¬ 
cally,  in  this  case,  soils. 


1.2  OBJECTIVE 

The  sole  purpose  of  this  report  is  to  provide  information  on  the 
nature  of  the  gamma  radiation  activities  induced  in  soils  by  the  neutron 
radiations  from  nuclear  weapons.  Observations  were  made  within  the  first 
few  days  after  detonation.  This  information  may  serve  as  source  material 
for  the  development  of  a  tactically  useful  system  for  predicting  similarly 
produced  radiation  from  other  devices  over  various  terrain  and  soil  con¬ 
figurations.  However,  a  method  for  the  prediction  of  such  radiation  will 
not  be  part  of  this  report. 


1.3  THEORY 

1.3.1  Residual  Gamma  Radiation  from  a  Nuclear  Device.  Bie  residual 
ganma  radiations  which  are  observed  following  the  detonation  of  a  nuclear 
device  are  either  fission  product  radiations  or  radiations  from  radio¬ 
active  i so tope s  that  have  been  produced  by  a  neutron  capture  reaction. 

The  neutron  capcure  may  occur  either  in  material  in  or  immediately  around 
the  device  or  it  may  occur  in  matter  which  is  in  the  immediate  vicinity 
of  the  place  of  detonation  but  which  is  not  an  intimate  part  of  the  device 
or  associated  equipment.  In  the  latter  category  are  the  neutron  capture 
processes  which  occur  in  the  soil  within  a  few  hundred  yards  of  ground 

CONFIDENTIAL 

FORMERLY  RESTRICTED  DATA 


zero.  It  may  also  include  neutron  capture  reactions  in  any  equipment  or 
other  material  vhich  happens  to  be  in  the  vicinity  of  ground  zero  at  the 
time  of  detonation. 

i.3.2  Attenuation  of  Neut-rons-General  Discussion.  Neutrons  which 
reach  the  soil  or  other  material  exterior  to  the  device  must  first  escape 
from  the  device  and  finally  pass  through  the  air  or  other  matter  vhich 
separates  the  device  from  the  object  of  interest  in  which  radioactivity 
is  induced.  During  the  passage  through  this  matter,  the  neutrons  are 
absorbed  and  scattered  (attenuated)  by  the  nuclei  of  this  matter.  These 
processes  cause  some  modification  in  the  nature,  especially  the  energy 
spectral  characteristics,  of  the  neutrons. 

Interactions  between  neutrons  and  other  nuclear  particles  are  of 
three  general  types:  elastic  scattering,  inelastic  scattering,  end 
capture.  Which  is  to  be  the  most  probable  type  of  Interaction  depends 
on  the  energy  of  the  neutron. 

For  fast  neutrons  the  scattering  cross  section  is  usually  consider¬ 
ably  larger  than  the  capture  cross  section.  The  probability  of  an  inter¬ 
action  is  dependent  on  the  density  of  scattering  nuclear  particles,  the 
density  of  incident  neutrons,  the  atomic  number  of  the  scatterer,  and  the 
energy  of  the  incident  neutrons. 

Neglecting  certain  quantum  mechanical  effects  in  which  the  wave 
length  of  the  incident  neutron  must  be  considered,  elastic  scattering  may 
be  viewed  as  a  strictly  mechanical  problem  in  vhich  both  energy  and  momen¬ 
tum  must  be  conserved.  Scattering  material  of  low  atomic  number  reduces 
fast  neutrons  to  thermal  energies  much  more  quickly  than  do  higher  atomic 
number  materials.  For  example,  if  a  neutron  traverses  a  medium  composed 
of  hydrogen,  an  average  of  17*5  collisions  are  required  to  reduce  a  1  Mev 
neutron  to  thermal  energy.  Thermal  energy  is  considered  to  be  about 
l/40  ev.  To  effect  the  same  reduction  in  carbon  requires  111  collisions 
and  in  lead,  l800  collisions  (Reference  l). 

Inelastic  scattering  of  neutrons  may  occur  if  the  neutron  possesses 
sufficient  kinetic  energy  to  raise  the  scattering  nucleus  to  an  excited 
level  while  be'.ng  scattered.  Again  momentum,  as  veil  as  energy,  must  be 
conserved. 

If  a  fast  neutron  is  captured,  the  resultant  nucleus  is  always  in 
an  excited  state.  Often  this  higher  state  is  farther  above  the  ground 
state  than  the  binding  energy  of  one  or  more  nuclear  particles  within  the 
resultant  nucleus.  These  nuclear  particles  may  then  escape  from  the 
nucleus.  Specific  reactions  of  this  type  occur  when  a  fast  neutron  is 
captured  and  a  proton  escapes,  an  (n,p)  reaction,  or  when  a  fast  neutron 
is  captured  and  an  alpha  particle  escapes,  an  (n,  a  )  reaction.  Many  other 
types  of  reactions  may  occur,  depending  on  the  energy  of  the  incident 
neutron,  but  the  two  reactions  mentioned  are  the  only  fast  neutron 
reactions  which  appear  at  all  possible  in  any  quantity  for  nuclear  device 
neutron  energies. 

Thermal  neutrons  are  in  temperature  equilibrium  with  the  surrounding 
nuclear  material  and  will  diffuse  through  this  material  until  captured. 
Usually  the  capture  of  a  thermal  neutron  adds  Insufficient  energy  to  the 
target  nucleus  to  allow  the  escape  of  a  nuclear  particle  such  as  a  proton 
or  an  alpha  particle.  The  surplus  e^rgy  available  in  the  resultant 
nucleus  then  escapes  in  the  form  of  a  garnna  ray,  an  (n,  y  )  reaction,  £*ich 
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radiative  capture  reactions  may  also  occur  for  incident  fast  neutrons  but, 
with  the  exception  of  certain  resonant  energies,  are  such  less  probable 
for  the  higher  energy  neutrons  than  for  thermal  energies. 

The  probability  that  one  of  a  beam  of  monoenergetic  neutrons  will 
pass  undeviated  through  a  target  material  may  be  expressed  as  an  exponen¬ 
tial  function  exp(4a  4  48)x,  wbere  is  the  absorption  coefficient  for 
the  medium  through  which  the  neutron  moves,  p8  is  the  scattering  coeffi¬ 
cient  for  this  seme  medium,  and  x  is  the  path  length.  Both  the  absorption 
coefficient  and  the  scattering  coefficient  are  energy  dependent. 

A  neutron  detector  placed  anywhere  in  space  will  be  affected  by  all 
neutrons  which  pass  through  that  space  and  which  have  the  proper  energy 
to  be  observed  by  that  detector.  Thus  the  detector  placed  at  seme  arbi¬ 
trary  location  in  the  earth,  B,  (illustrated  in  Figure  1.1)  observes  all 
neutrons  passing  through  B.  Neutrons  may  reach  that  point  from  the  point 


Figure  1.1  Radiation  of  neutrons  from  point  of  detonation. 

of  detonation  of  a  device  by  a  large  number  of  paths  such  ss  the  direct 
route,  1;  a  single  scatter  in  the  air,  3;  several  scatters  in  the  Mr,  4; 
scattering  in  both  air  and  soil,  2;  or  by  many  other  routes  which  any 
include  any  number  of  scattering  interactions.  Because  of  this,  neutrons 
from  the  device  may  be  incident  on  the  detector  from  any  direction. 

It  is  obvious  that  a  calculation  of  neutron  intensity  cannot  consi¬ 
der  each  individual  scatter  and  capture,  but  must  lump  these  into  seme 
simplified  equation.  The  relative  decrease  in  neutron  intensity  as  a 
function  of  distance  may  be  approximated  mathematically  through  use  of  an 
effective  attenuation  coefficient,  4 ,  or  an  effective  interaction  length, 
L,  such  that 


Ij  s  i!.-"  -  Iie-*A 

Such  a  simple  expression  does  not  always  apply  since  neutrons  of  higher 
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energy  may  be  scattered  into  a  lc^er  energy  region  thereby  producing 
a  buildup  of  lower  energy  neutrons.  I'nder  these  circumstances  this 
expression  applies  to  the  higher  energy  neutrons  but  not  to  the  lower 
energy  ones  until  an  equilibrium  situation  is  reached. 

1.3.3  Attenuation  of  Device  Neutrons  in  Air.  As  the  neutrons  radi¬ 
ate  from  the  point  of  detonation,  as  illustrated  In  Figure  1.1,  they  undergo 
scattering  Interactions  in  the  air.  A  measure  of  the  rate  of  removal  of 
neutrons  from  an  arbitrarily  chosen  energy  interval  provides  a  first 
measure  of  the  effective  interaction  length  for  that  energy  region. 

However,  if  there  are  neutrons  radiated  from  the  device  having  energies 
greater  than  the  energy  interval  under  consideration,  a  certain  percent¬ 
age  of  these  higher  energy  neutrons  will  be  scattered  into  the  observed 
energy  interval.  Also,  a  few  of  the  neutrons  in  this  energy  interval 
will  be  captured  by  appropriate  nuclei  in  the  air.  At  sufficient  distance 
from  the  neutron  source  an  equilibrium  condition  should  be  reached  in  which 
the  number  of  neutrons  entering  a  given  energy  interval  is  proportional 
to  the  number  leaving.  Thus  the  effective  Interaction  length  for  all 
energies  of  neutrons  will  be  the  same  at  large  distances  from  the  neutron 
source. 

Thermal  neutrons  are  produced  by  the  degradation  of  fast  neutrons 
into  the  thermal  energy  region.  Thermal  neutrons  are  lost  by  capture. 
Therefore  at  r efficient  distances  thermal  neutrons  should  also  approach 
an  equilibrium  condition  in  which  the  effective  interaction  length  is  the 
same  as  for  fast  neutrons. 

3U3.4  Neutron  Induced  Radioactive  Nuclei.  Radioactive  isotopes 
are  produced  by  all  the  capture  processes  mentioned  in  Section  1.3*2. 

The  most  common  neutron  reaction  producing  radioactive  isotopes  is  the 
(n,^)  process;  although  this  reaction  is  possible  at  all  neutron  energies, 
it  has  its  largest  cross  section  for  neutrons  in  the  thermal  energy  range. 

It  is  also  possible  for  fast  neutrons  to  produce  radioactive  isotopes 
by  other  reactions  such  as  an  (n,  Q )  or  an  (n,p)  process,  but  these 
reactions  usually  have  a  threshold  at  several  Mev,  so  are  effective  only 
within  a  relatively  small  fraction  of  the  fission  neutron  spectrum.  The 
Fe'*c*(n,p)Mn^>  reaction  for  example  has  a  threshold  at  2.9  Mev  and  its 
cross  section  reachesapeak  at  14  Mev  (Reference  2)  of  0.11  bams.  This 
is  very  small  compared  to  the  13.3  barns  for  the  Mn^5(n,y  )Mn5°  reaction 
and  therefore  probably  does  not  compete  significantly  in  the  production 
of  radioactive  Isotopes  in  soils  unless  very  large  quantities  of  iron 
are  present  iu  the  soil. 


1.4  PREVIOUS  WORK  ON  SOIL  INDUCED  ACTIVITIES 

An  assessment  of  the  problem  of  neutron  induced  activity  in  soil  was 
made  (Reference  3)  at  Operation  Ranger.  The  five  shots  of  this  operation 
were  detonated  between  1,000  and  1,400  feet  above  the  terrain  and  gave  an 
opportunity  for  measuring  induced  soil  activity  without  significant 
quantities  of  fallout  activity.  Dose  rate  measurements  were  made  for 
each  shot.  Radioactive  soil  samples  from  Shot  5  were  returned  to  USNRDL 
for  analysis.  Based  on  half-life  measurements  starting  at  H  4  30  days, 
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the  neutron  indued  radioactivity  in  the  soil  samples  was  determined  to 
be  Na^1*.  Inacti  ,e  aluminum,  calcium,  iron,  magnesium  and  silicon  were 
each  present  in  the  samples  to  greater  than  10  percent  as  determined  by 
spectro- chemical  analysis.  Sodium  and  copper  were  determined  each  to  be 
present  to  less  than  10  percent. 

Similar  radiological  surveys  (References  4,  5>  ami  6)  conducted  at 
subsequent  Nevada  Test  Site  operations  form  the  present  basis  for  pre¬ 
dicting  neutron  induced  dose  rates  in  Nevada  Test  Site  soil.  These  data 
have  been  summarized  in  graphical  form  by  AFSWP  (Reference  7)  for  the 
prediction  of  gamma- ray  dose  rates  to  be  expected  as  a  result  of  neutron 
induced  radioactivity  in  Nevada  Test  Site  soil.  Sandia  Corporation  has 
devised  (References  8,  9,  and  10)  a  system  for  the  prediction  of  soil 
induced  activity  dose  rates  based  on  specific  weapon  models.  Both  the 
AFSWP  and  the  Sandia  Corporation  work  are  limited  to  Nevada  Test  Site  soil. 
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Chapter  2 

PROCEDURE 

2.1  SCIHTILLATIOK  SPECTROMETRY 

Genoa  radiation  is  very  high  energy  electromagnetic  radiation.  It 
can  be  observed  only  if  it  interacts  vlth  matter,  usually  through  trans¬ 
fer  of  its  energy  to  an  electron.  The  electron  cannot  retain  the  added 
kinetic  energy  as  it  passes  through  matter,  but  promptly  loses  it  through 
a  series  of  interactions  with  the  atoms  in  the  matter  through  which  it 
moves,  with  the  average  energy  loss  per  interaction  being  only  a  small 
fraction  of  the  initial  kinetic  energy  of  the  electron. 

Bach  interaction  between  this  electron  and  the  matter  through  which 
the  electron  passes  results  in  an  excitation  or  ionization  of  an  atom 
in  the  matter.  When  the  atom  returns  v:>  its  normal  ground  state,  it 
releases  the  surplus  acquired  energy,  usually  either  by  thermal  transfer 
of  energy  to  neighboring  atoms  or  by  the  emission  of  a  quantum  of  radia¬ 
tion.  If  the  release  is  in  the  form  of  radiation,  the  energy  of  each 
quantum  is  much  less  than  that  of  the  ganma  ray  which  initially  triggered 
the  process. 

For  certain  transparent  crystals  the  resulting  radiation  is  within 
an  easily  detectable  spectral  region,  such  as  the  visible  part  of  the 
spectrum.  This  Phenomenon  forms  the  basis  of  scintillation  spectrometry. 
Thallium-activated  sodium  iodide  [Hal(Tl))  is  such  a  crystal.  If  the 
crystal  makes  good  optical  contact  with  a  photomultiplier  tube,  the 
visible  light  liberates  electrons  photoelectric*!  W  from  the  photosensi¬ 
tive  surface  on  the  face  of  the  tube.  By  applying  appropriate  voltage 
increments  between  successive  dynodes  of  the  photomultiplier  tube,  these 
electrons  are  accelerated  from  one  dynode  to  the  next  and  at  each  dynode 
secondary  electron  production  takes  place.  Because  of  this  series  of 
electron  multiplication,  the  final  output  of  the  tube  is  an  electrical 
pulse  of  sufficient  magnitude  to  produce  a  signal  in  standard,  but 
relatively  sensitive,  electronic  equipment.  This  process  is  illustrated 
in  Figure  2.1.  A  typical  crystal-photomultiplier  system  ready  for  use 
Is  shown  in  Figure  2.2.  Because  sodium  iodide  is  deliquescent,  the 
packaged  crystal  must  be  sealed  against  exposure  to  moisture.  The 
crystal  package  has  a  transparent  face  (glass)  against  the  photomulti¬ 
plier  tube,  but  otherwise  is  light  tight.  The  photomultiplier  tube  is 
covered  with  black  electrical  tape  to  prevent  light  from  leaking  from 
the  outside  into  the  photosensitive  surface  of  the  tube.  A  very  small 
leak  vlU  admit  considerably  larger  quantities  of  light  than  is  seen  by 
the  photomultiplier  tube  from  the  scintillations  of  the  crystal. 

2.2  ENERGY  ABSORPTION  BY  A  Nal(Tl)  CRYSTAL 

Ganaa  rays  .nay  inteiact  with  matter  through  a  number  of  processes 
(Reference  11),  most  cocoon  of  which  are  the  photoelectric,  Compton, 
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and  pair  production  interactions .  In  a  photoelectric  interaction,  the 
gamma  quantum  ia  completely  absorbed  by  an  atom  of  the  crystal.  Most 
of  the  energy  of  the  ganma  ray  is  transferred  to  an  atomic  electron, 
which  escapes  from  the  parent  atom.  In  the  Compton  process  the  gamma 
ray  is  scattered  by  an  atom  in  tne  crystal,  in  which  case  only  part  of 
the  ganma- ray  energy  is  lost  and  the  photon  continues  with  lower  energy 
in  a  direction  different  from  its  initial  direction  of  travel.  In  the 
pair  production  process  the  gamma  quantum  is  also  canpletely  absorbed 
giving  its  entire  energy  to  a  pair  of  electrons,  one  positively  charged 
(positron)  and  the  other  negatively  charged  (negatron)  that  are  created 
at  the  point  of  .interaction.  Since  an  energy  equal  to  the  rest  energy 
of  the  electron  (B  s  ro^c^ )  must  be  absorbed  to  create  each  electron  of 
the  posltron-negatron  pair,  a  gamma- ray  energy  cf  at  least  =  1.022 

Msv  is  required  before  the  process  can  take  place.  Hi  is  process  becomes 
significant  only  for  ganma  radiation  having  energies  greater  than  several 
Mev.  In  the  photoelectric  effect,  the  photoelectron  leaves  the  parent 
atom  vlth  a  kinetic  energy  less  than  the  energy  of  the  incident  ganma 
quanta  ,  by  an  amount  equal  to  the  binding  energy  of  the  atomic  shell 
from  which  it  escapee.  Ibis  kinetic  energy  is  transformed  into  m, 
electrical  pulse  by  the  crystal-photomultiplier  system.  Hie  remaining 
gamma-ray  energy  la  very  quickly  released  by  the  parent  atom  when  an 
electron  from  one  of  its  outer  shells  falls  into  the  shell  from  which 
the  photoelectron  escaped.  This  causes  the  release  of  one  cr  more 
characteristic  x-rays.  Because  of  the  relatively  low  energies  of  these 
characteristic  x-rays,  they  are  quickly  absorbed  and  produce  their  own 
photoelectrons  from  shells  having  very  low  binding  energies.  Because 
all  this  happens  in  a  time  much  shorter  than  the  resolving  time  of  the 
electronic  equipment,  all  the  energy  appears  as  a  t  ngie  pulse,  the  size 
of  which  i«  directly  proportional  to  the  energy  of  the  incident  gamma  ray. 

In  the  Qompton  process  the  incident  ganma- ray  scatters  frem  one  of 
the  electrons  of  the  atom  with  which  it  interacts.  Hie  energies  of  the 
scattered  gemma  ray,  and  of  the  Compton  electron,  ore  determined  a 
function  of  the  angle  of  scatter  through  use  of  equations  derived  from 
the  lams  of  the  conservation  of  momentum  and  energy.  Hie  Compton  elec¬ 
tron  loses  its  kinetic  energy  in  the  crystal  producing  at  the  output,  of 
the  photomultiplier  tube  a^  electrical,  pulse  in  magnitude  proportional 
to  the  kinetic  energy  of  the  Compton  electron.  As  the  scattered  ganma 
ray  passes  through  the  crystal,  there  is  a  finite  probability  that  it, 
too,  will  undergo  an  interaction  within  the  crystal.  If  it  does,  this 
interaction  may  be  either  a  photoelectric  interaction  or  another  Comp¬ 
ton  Interaction.  Because  of  the  higher  photoelectric  cross  section  for 
lower  gamma- ray  energies,  the  probability  of  this  second  interaction 
being  a  photoelectric  process  becomes  greater  the  lover  the  energy  of 
the  scattered  Compton  gamma  ray;  also,  the  longer  the  path  thxc  ’gh  which 
it  must  travel,  the  greater  the  probability  of  succeeding  interactions. 
Because  of  the  relatively  long  resolving  time  of  the  electronic  equipment 
compared  to  the  time  required  for  these  physical  processes,  the  energy 
from  any  series  of  Compton  Interactions,  followed  by  a  final  photoelectric 
interaction,  will  result  in  a  single  output  pulse  proportional  to  the 
energy  of  the  Incident  guana  ray.  If  a  Compton  scattered  gamma  ray 
escapes  from  the  crystal,  the  resulting  electronic  pulse  is  lever  In 
magnitude  and  produces  a  part  of  a  continuum  of  lower  magnitude. 

Hxe  total  kinetic  energy  of  the  posltron-negatron  pair  originating 
11  the  pair  production  process  is  1.022  Mev  less  than  the  energy  of 
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the  incident  gamut  ray.  This  produces  an  electronic  output  pulse  in 
magnitude  proportionally  1.022  Mev  less  than  the  photoelectric&lly 
produced  total  absorption  peak  of  the  gears  ray.  However,  after  the 
positron  comes  to  rest,  it  is  annihilated  through  a  Merging  with  some 
negatively  charged  electron  in  the  vicinity,  resulting  in  the  release  of 
two  gamma  rays  each  with  an  energy  £  s  c0c^  =  0.511  Mev.  Slther  of  these 
gamma  rays  my  interact  within  the  crystal.  If  the  full  energy  of  only 
one  is  absorbed  (the  other  escaping)  a  pulse  is  developed  in  Magnitude 
0.311  Mev  leas  than  the  photoelectric  pulses.  However,  if  the  full 
energy  of  both  quanta  of  annihilation  radiation  is  absorbed,  the  resulting 
pulse  is  indistinguishable  from  a  photoelectric  pulse. 


2.3  THE  SIFC-LS  CHAH9EL  QAM4A  RAY  SPBCTBLMST2R 

If  a  aeans  is  found  whereby  a  plot  my  be  aade  of  the  nuaher  of 
photomultiplier  output  pulses  against  pulse  magnitude  (usually  called 
pulse  height  since  the  Magnitude  is  seen  as  height  on  the  screen  of  an 
oscilloscope),  all  those  output  pulses  produced  by  the  total  absorption 
of  the  energy  of  individual  Monoenergetic  gamma  rays  appears  at  the  seme 
value  of  pulse  height  and  produce  a  peak,  known  as  the  full  energy  peak, 
in  the  resulting  plot  (References  14,  13  and  16).  Osama  rays,  the  energy 
of  which  ere  not  totally  absorbed,  form  a  continuous  distribution  between 
zero  and  the  full  enargy  peak.  An  electronic  device  capable  of  producing 
such  a  plot  was  the  single  channel  scintillation  snectroaster  which  was 
used  to  study  the  radiations  from  the  samples  returned  to  Mercury  frcm 
the  field  following  Slots  1,  3,  4,  and  7-  It  consisted  of  an  amplifier, 
single  channel  pulse  height  analyzer,  count  rate  circuit,  and  Brown  strip 
chart  recorder,  and  was  basically  the  sssn  as  had  bean  used  for  similar 
measurements  In  Operation  Upshot- Knothole  (Reference  12)  and  in  Operation 
Castle  (Reference  13).  The  block  diagram  of  the  electronics  for  this 
apparatus  is  shown  in  Figure  2.3,  and  the  complete  spectrometer  is  pic¬ 
tured  in  Figure  2.4.  The  most  significant  change  in  the  spectrometer, 
between  the  Upshot- Knothole ,  Castle,  and  Teapot  measurements,  has  been 
an  increase  in  the  size  of  the  thallium- activated  sodium  iodide  crystal 
used  as  a  detecting  device  for  the  spectrometer,  for  Measurements  in 
Operation  Upshot- Knothole  a  cylindrically-ehsped  1  in. -dl  mas  tar  by  1  in.- 
high  crystal  was  used,  and  for  Castle,  a  4  in. -diameter  by  4  In. -high 
crystal  was  used.  For  Teapot,  a  7  in. 'diameter  by  4  in. -high  crystal 
was  used.  (This  crystal  was  loaned  to  this  project  for  Teapot  by  tha 
Radiation  Division  of  the  Bavai  Research  Laboratory. )  This  crystal,  a 
DuMont  type  6364  photomultiplier  tube,  and  a  cathode  follower  preamplifier 
are  housed  in  the  cylindrical  lead  container,  which  sits  immediately  to 
the  right  o*  the  electronic  chassis.  At  the  top  of  the  cylindrical 
holder  (see  Figure  2.3)  is  a  6  in. -thick  cylindrically- shaped  pieos  e t 
lead  which  acts  as  a  shield  between  the  crystal  and  a  source  of  gaama 
radiation  and  also  providas  the  aperture  through  which  the  radiations 
traverse  In  order  to  reach  the  crystal. 

The  effect  of  increasing  the  size  of  the  crystal  to  enhance  the  total 
absorption  effect  has  been  shewn  in  the  Castle  report  (Reference  13). 
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Figure  2.3  !lock  diagrea  of  electronic*  for  eiigle-obennel 
pulse-height  aacJjrMT. 


Figure  2.4  >lagle-c C rueel  pulee-feelgfct  ecel/ecr  end  associated 
equlf  eit  le  poeltlca  la  the  FrenCeuf  treilor  Labor* lory . 
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2.4  THE  TWENTY  CHANNEL  GAMMA  RAY  SPECTROMETER 


Following  Ghct  5  the  many  soil  samples, which  had  been  exposed  to  the 
neutron  radiation  vere  analyzed  using  a  20  channel  pulse  height  analyzer 
vhich  vac  mounted  in  a  2  l/2  ton.  6  by  6,  Type  ^53  truck.  The  particular 
mounting  of  this  spectrooeter  had  been  made  primarily  for  the  other  part 
of  Project  2.3,  the  study  of  gamma  ray  radiation  fields  produced  by  fall¬ 
out.  Hovever,  it  could  still  be  used  for  the  observation  of  gazma  ray 
spectra  emitted  by  individual  radioactive  .samples.  A  block  diagram  of 
the  electron!  ;s  for  this  spectrometer  is  illustrated  in  Figure  2.6  and 
a  photograph  of  it  appears  in  Figure  2.7*  This  type  of  analyzer  can 
record  21  pulse  height  intervals  (channels)  simultaneously,  thereb" 
decreasing  the  time  required  to  record  a  spectrum.  A  permanent  record 
of  t*.e  information  appearing  on  the  scaling  strips  at  the  top  of  the 
spectrometer  is  made  photographically  us.ng  a  modified  K25  aeria'  photo¬ 
graphy  camera  mounted  on  the  opposite  vail  of  the  truck,  as  illustrated 


Figure  2.3  Collimator  and  lead  shield  bousing  the  ?-incb-diaaet«r 
by  4- inch- high  Ml  (Tl)  crystal,  the  DuMont  Type  6364  photomultiplier 
tube,  and  preaapllflar . 
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in  Figure  2.8,  These  two  processes  permitted  very  rapid  scanning  of  the 
samples  from  Shot  5*  which  was  required  because  of  the  large  number  of 
samples  and  the  relatively  short  half-lives  of  the  isotopes  present. 

The  detection  crystal  for  the  20  channel  analyzer  consisted  of  a 
4  in. -diameter  by  4  in. -high  cylindrically- shaped  Nal(Tl)  crystal. 

This  crystal  and  associated  photomultiplier  and  preamplifier  were  mounted 
in  a  lead  housing  6  in. -thick  on  all  sides  and  8  in. -thick  at  the  colli¬ 
mator.  A  cross  sectional  view  of  this  system  is  shown  in  Figure  2.9. 


2.5  PROCEDURE  FOR  SHOTS  i,  4,  AND  7 

Nevada  Test  Site  soil  samples  were  collected  for  ft-oject  2.3  by 
several  groups  at  the  Nevada  Test  Site.  For  Shots  1,  4,  and  7  these 
samples  were  simply  dug  from  the  earth  in  the  vicinity  of  ground  ze.ro 
sometime  within  the  first  day  after  detonation.  Their  gamma- ray  spectra 
were  then  analyzed  on  the  single -channel  analyzer  (Reference  13)  to 
determine  qualitatively  the  importance  of  neutron  induced  activities. 

For  Shot  1  samples  were  obtained  by  a  team  of  two  men  from  Rad  Safe 
who  scooped  up  about  half  a  shovel  of  dirt  from  the  immediate  vicinity 
of  the  originally  planned  ground  zero.  This  was  transferred  to  a  con¬ 
tainer  and  returned  to  the  laboratory  at  Mercury.  Two  samples  were 
prepared  from  this  soil  and  measured  within  1  l/2  hours  after  the  time 
of  detonation.  Similar  procedures  were  used  to  obtain  samples  for  Shots 
4  and  7,  using  the  services  of  personnel  from  Projects  2.4,  2.5.2,  and 
2.6. 


2.6  PROCEDURE  FOR  SHOT  3 

Several  pieces  of  material  wht  h  appeared  to  be  of  metallic  nature 
were  picked  up  by  a  Rad  Safe  team  in  the  vicinity  of  ground  zero.  The 
spectra  of  these  particles  were  followed  on  the  single  channel  spectro¬ 
meter  for  about  two  weeks.  The  radiation  characteristics  from  these 
samples  were  those  of  a  mixture  of  fission  nroducts  and  induced  activities. 
Although  not  soil  samples  the  fact  that  Nar^  radiation  was  found  to  con¬ 
tribute  appreciably  to  their  total  radiation*  led  to  the  inclusion  of  the 
results  of  the  observations  of  tMr  gamma  radiations  in  this  report. 


2.7  PROCEDURE  FOR  SECT  5 

This  part  of  Project  2.3  was  conducted  in  cooperation  with  the 
Saudi  a  Corporation,  who,  through  the  U.  S.  Department  of  Agriculture, 
procured  nine  representative  soils  for  this  experiment.  These  soils  were 
procured  frara  various  locations  vithin  the  continental  limits  of  the 
United  States,  Hawaii,  and  Puerto  Rico.  They  are  considered  by  the 
U.  S.  Department  of  Agriculture  ae  typical  representatives  of  sands, 
loams,  and  clays.  In  addition,  a  tenth  soil  (Type  8)  was  procured  at  the 
time  of  Operation  Teapot  at  the  Nevada  Test  Site.  Forty  samples,  four 
of  each  soil  type,  were  prepared  for  exposure  to  neutron  radiation  at 
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Figure  2.8  Wall  of  K53  spectrometer  truck  opposite  the  20-ohannel 
analyser  saving  the  recording  camera  in  place. 

Shot  5*  The  names  and  locations  of  procurement  for  each  soil  are  as 
follows • 


0.  Spring  Clay  Loam 

1.  Conowingo  Gilt  Loam 

2 .  Nipe  Clay 
3-  Koolaa  Clay 

k.  Norfolk  Fine  Sandy  Loam 
5 •  Carrington  Loam 

6.  Chester  Loam 

7.  Houston  Black  Clay 

8.  Nevada  Test  Site 

9*  Niland  Gravelly  Fine  Sand 


Las  Vegas,  Nevada 
Pennsylvania 
Puerto  Rico 
Hawaii 

South  Carolina 
Iowa 

Virginia 

Texas 

Area  3-A 

Westmoreland,  California 


A  detailed  description  of  the  soil  series  with  which  these  samples 
are  members  is  given  in  the  appendix. 


2.8  CHEMICAL  ANALYSIS  OF  SAMPLES  (SHOT  9) 

Upon  return  to  NRDL,  a  quantitative  chemical  analysis  was  performed 
on  a  portion  of  one  sample  set,  31  through  4'J.*  The  resulting  iron, 
manganese,  potass Lum,  magnesium  and  sodium  content:,  are  listed  in 
Table  2.1.  This  analysis  was  supplemented  by  a  spectrograph ic  analysis 
of  samples  4l  through  ‘>o,  which  was  of  a  qualitative  nature,  and  the 

*  The  last  digit  of  each  sample  number  designates  the  soil  type.  Samples 
11,  21,  31.  ana  41,  for  example,  are  the  same  soil,  but  were  placed  for 
exposure  at  different  locations. 
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results  of  which  did  not  basically  differ  from  the  quantitative  analysis. 
Further  analysis  of  portions  of  the  original  U.  S.  Department  of  Agri¬ 
culture  (USDA)  samples  were  made  for  Sandia  Corporation  by  the  Staith- 
finery  Company  of  Los  Angeles.  Their  results  are  listed  in  Table  2.2. 

For  some  samples  there  is  a  decided  variation  between  the  soil 
chemical  composition  reported  by  the  two  groups.  This  variation  appears 
to  be  real  and  Is  apparently  caused  by  lack  of  homogeneity  in  the  ori¬ 
ginal  sample  material.  Upon  visual  examination  of  any  soil,  it  is 
immediately  apparent  that  the  various  constituents  in  the  soil  are  not 
uniformly  mixed.  Since  the  samples  analyzed  for  Sandia  Corporation  were 
taken  from  the  initial  material  (approximately  12  pounds)  delivered  by 
USDA  and  the  NRDL  analyses  were  made  on  the  small  test  tube  samples 
(approximately  5  grams)  whose  radiation  had  been  studied  with  the  scin¬ 
tillation  spectrometer,  it  is  not  surprising  that  differences  in  chemical 
composition  may  occur.  Thorough  mixing,  as  for  example  ball  milling, 
of  each  of  the  soils  before  exposure  or  chemical  analysis  would  have 
given  a  truer  picture  of  the  soils'  average  chemical  composition  and 
would  have  achieved  greater  uniformity  between  samples  of  the  same  series 
in  this  experiment. 


2.9  EXPOSURE  PROCEDURE  k.  SHOT  5 

For  exposure  to  the  neutron  flux  each  sample  was  contained  in  a 
short- length  of  1  l/2  inch  iron  pipe,  capped  at  both  ends  as  shown  in 
Figure  2.10.  In  all,  forty  samples  were  attached  to  a  cable*  which  ran 
radially  from  ground  zero  to  an  anchor  point  outside  the  expected  radia¬ 
tion  fields.  The  distribution  of  the  samples  on  this  cable  was  as 
follows : 


Samples  11-20 
Samples  21  -  30 
Samples  31  -  ^0 
Samples  4l  -  50 


50  yards  from  GZ 
150  yar’j  from  GZ 
250  yards  from  GZ 
350  yards  from  GZ 


A  bracket  was  welded  on  each  container  and  used  to  bolt  the  pipe  to  the 
cable. 


2.10  COLLECTION  AND  F?£PARATIQN  OF  SI  Z?TR0MEIER  SOURCES  (SHOT  5) 

At  approximately  H  4  3  hr  all  forty  samples  were  brought,  immedi¬ 
ately  after  recovery  and  in  their  exposure  i.  ontainers,  to  the  Control 
Point  at  the  Nevada  Test  Site.  There,  enough  material  was  taken  from 
each  container  to  fill  a  test  tube  of  approximately  3/8  inch  diameter 
to  a  depth  of  2  to  2  l/2  inches.  Equal  volumes  of  each  sample,  a.  near 
as  could  be  determined  visually,  were  used.  All  samples  were  numbered 
frcm  the  original  exposure  container  to  eliminate  any  possible  errors  in 
transfer. 


*  By  M.  Ccwan,  Sandia  Corporation 
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2.11  PROCEDURE  FOR  TAKING  DATA  FOLLOWING  SHOT  5 

For  analysis,  each  sample  was  placed  in  identical  geometry  relative 
to  the  lead  collimator  and  crystal.  The  bottom  of  each  test  tube  was 
2l/2  inches  above  the  top  of  the  l/2  inch  diameter  aperture  in  the  lead 
collimator.  Thus,  as  seen  by  the  crystal,  each  sample  wsls  in  consistently 
good  geometry. 

The  pulse  height  distribution  of  each  stcnple  was  observed  from  0 
to  4  Mev  over  forty  channels  and  from  0  to  3 00  kev  over  twenty  channels 


Figure  2.10  Sample  exposure,  Shot  5. 

in  the  initial  runs.  It  became  Immediately  apparent  that  there  was  no 
information  of  value  In  the  lower  energy  region  and  these  measurements 
were  discontinued  in  later  runs. 

Background  pulse-height  distributions  were  taken  at  intervals 
during  the  sample  runs.  In  all  cases  the  background  was  negligible 
relative  to  the  sample  counting  rate. 

Pulse-height  distributions  were  observed  a  second  time  from  12  to 
24  hours  after  the  initial  daca  were  recorded.  The  later  pulse  height 
distributions  for  samples  21,  22,  27,  and  28  were  used  to  verify  the 
results  from  the  earlier  analyses.  Agreement  in  all  but  one  ease  was 
good,  and  well  within  the  experimental  errors. 
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Chopter  3 

DATA  REDUCTION 


3.1  ANALYSIS  OF  PULSE- HEIGHT  SPECTRA  FROM  SHOT  5 

From  the  observed  date,  pulse-height  spectra,  without  correction 
or  normalization,  were  prepared.  A  typical  example  is  illustrated  in 
Curve  A  of  Figure  3.1  for  Sanple  18. 

The  center  of  the  2.76  Mev  full  energy  peak  of  Na^  was  used  as 
the  energy  scale  calibration  mark.  The  peak  was  apparent  in  all  but  a 
few  cases  and  in  those  samples  where  the  2.76  Mev  peak  could  not  be  seen 
the  0.945  Mev  full  energy  peak  cf  Mn56  was  used  as  the  calibration  peak. 
The  center  of  the  Ha2^  peak  was  located  by  assuming  it  to  have  Gaussian 
form.  This  center  of  the  Gaussian  was  normalized  to  fall  in  the  twenty- 
eighth  channel.  Uhder  these  conditions,  the  0.845  Mev  peak  of  )fa56  was 
located  In  the  eighth  channel,  since  the  first  channel  did  not  begin  at 
zero  but  at  approximately  100  kev. 

The  process  of  normalization  was  the  progressive  broadening  of  each 
channel.  This  compressed  the  total  raw  pulse-height  spectrum  into  a 
smaller  number  of  channels,  placing  the  center  of  the  individual  total 
absorption  peaks  at  a  normalized  position  on  the  energy  scale  (Curve  B 
of  Figure  3.1 ).  At  least  a  portion  of  this  normalization  is  required  to 
compensate  for  a  shift  in  gain  due  to  the  temperature  fluctuations  of 
the  crystal  and  a  shift  of  gain  within  the  amplifiers  of  the  analyzer. 

As  a  result  of  the  above  manipulation,  direct  comparison  could  be 
made  between  spectra,  since  e«.ch  spectrum  could  now  be  analyzed  in  an 
identical  manner.  The  full  energy  peak  area  was  used  as  the  basis  for 
this  analysis.  The  channel  In  which  a  full  energy  peak  is  observed 
includes  background  counts  (usually  so  small  as  to  be  insignificant)  and 
counts  from  the  Compton  distributions  of  higher  energy  peaks.  To  find 
the  true  area  of  each  superimposed  peak,  it  was  necessary  to  unfold  the 
spectra,  which  means  that  the  Compton  distributions  for  higher  energy 
peaks  were  successively  subtracted  from  the  normalised  pulse  height 
distribution.  In  this  way,  a  series  of  full  energy  peaks  and  their 
associated  Compton  distributions  were  evolved,  as  illustrated  in  Curve  B 
of  Figure  3*1  •  The  pulse  heigh’  M  stri  tut  ions  of  five  different  gmr.  a 
rays  can  be  seen  in  Figure  3*1 •  The  highest  energy  peak  belongs  to  the 
2.76  Mev  gamma  ray  of  Ita2**.  The  shaded  area  5  is  the  Compton  distribu¬ 
tion  associated  with  this  peak.  This  Compton  distribution  must  be  sub¬ 
tracted  from  the  rest  c  f  the  spectrum  to  determine  magnitude  and  location 
of  the  full  energy  peak  gt  next  lowest  energy.  This  peak  belongs  to  tha 

2.1  Mev  gamma  ray  of  for  which  the  sol  idly- shaded  area  4  is  the 
Ocmpton  distribution.  Subtraction  of  this  area  leaves  the  1.8  Mrv  gamma 
ray  full  energy  peak  of  as  the  next  lowest  energy  gemma  ray,  for 
which  the  shaded  area  3  la  the  Oampton  distribution.  81  ml lar  analysis 
shows  that  the  shaded  areas  1  and  2  are  respectively  the  Compton  dirtri- 
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butionc  for  the  0.845  Rev  gsmna  ray  of  Mn^  and  the  I.38  Mev  gamma  ray 
of  Na^. 

The  ’infolding  system,  from  which  the  shape  and  area  of  the  Ocaqrton 
distributions  were  determined  relative  to  the  area  of  the  full  energy 
peaks  for  the  particular  Kal(Tl)  crystal  used  in  these  experiments  was 
derived  from  the  Gampton  distributions  of  five  known  gsama  ray  sources 
(Hg2°3,  8a22,  Mn^o,  K^2 ,  and  Ha21*)  and  the  Berger-Dogget  (Reference  14) 
theoretical  Compton  distributions.  The  results  of  this  derivation  was 
a  specific  peak- to- total  fUnctioi.  for  the  Hal(Tl)  crystal  used  in  this 
set  of  experiments. 

In  addition  to  the  peak -to- total  correction  used  to  determine  the 
total  number  of  gamna- quanta  observed  by  the  crystal,  a  second  correction 
was  required  to  add  those  gszsnr  rays  which  traverse  the  crystal  without 
undergoing  a  Compton,  photoelectric  or  pair  production  interaction. 

This  correction  has  been  calculated  and  la  sometimes  called  the 
(l-e-*1*)  correction,  since  this  equation,  with  n  being  the  total  absorp¬ 
tion  coefficient  of  Mai,  gives  the  relative  number  of  gasma- quanta  which 
traverse  the  crystal  with  no  interaction. 

A  third  correction  was  required  to  account  for  the  porosity  of  the 
lead  collimator  to  gams  radiation.  The  apparent  transmission  through 
the  edges  of  the  lead  collimator  has  been  calculated  and  found  to  be 
significant  for  gamna- ray  energies  above  4 00  kev.  This  porosity  has 
been  confirmed  experimentally  and  appropriate  corrections  have  been 
made  in  tne  calculations.  The  porosity  correction  factor  as  a  function 
of  gamna- ray  energy  is  shown  in  Figure  3*2. 

After  these  three  corrections  have  been  applied,  the  number  of 
ganma  rays  of  each  energy  entering  the  Nal(H)  crystal  through  the  aper¬ 
ture  of  the  collimator  will  have  been  determined. 

At  the  energies  involved,  the  self- rib  sorption  effects  of  the  source 
material  and  of  tne  air  between  source  and  detector  were  negligible. 


3.2  CALCULATION  OF  NUMBER  T  Ha2*1  AND  Mn^  ATOMS  AT  TIME  ZERO 

To  determine  the  number  of  radioactive  atom*  at  time  sere,  three 
additional  corrections  were  required. 

The  first  was  a  correction  to  time  sero  from  the  time  of  observation 
of  the  rate  of  emission  of  gmpma  radiation.  Since  the  radiations  of  only 
two  radioactive  Isotopes,  la21*  and  >to5©,  were  found,  the  adjustment  could 
be  made  relatively  easily,  using  the  known  decay  constants  of  these  two 
isotopes. 

The  second  correction  determined  the  number  of  radioactive  atoms 
needed  at  time  zero  to  produce  the  rate  of  mission  observed  in  the 
crystal.  This  was  derived  frea  the  equation,  dl/dt  *  A.I. 

Since  the  emission  observed  by  the  crystal  was  that  from  <x-Iy  a 
small,  fraction  of  4"  etc  radians ,  a  solid  an gle  correction  warn  also 
required.  This  was  determined  by  calculation  from  the  kaewn  geometry  of 
the  experiment  and  was  calculated  to  be  (1 .197  x  10“*}  of  4*  steraUans. 

A  final  correction,  dividing  by  the  weight  of  the  s^>le,  was  required 
to  determine  the  number  of  radioactive  atoms  per  gram  of  soil.  The 
samples  were  prepared  to  have  as  near  equal  voluas  as  possible.  However, 
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their  densities  did  vary  considerably,  such  that  the  Increment  of  weight 
between  different  samples  was  relatively  large,  percentage- vise. 

A  final  formulation  may  now  be  given  for  the  number,  I,  of  activated 
atoms  at  the  time  of  detonation  of  the  device  of  each  individual  type 
in  each  soil  staple  per  unit  weight  of  soil  sample.  Suit  formula  is 

M  -  (dW/dt )(KA) _ 

“  (e-^XvNKBKl  -  e“|ix)(X)(KC) 

where  dW/dt  is  the  measured  count  rate 

KA  is  the  pcxx>sity  correction  factor 

t±ie  zero  time  correction  (to  time  of  detonation) 

V  is  weight  of  sample 

KB  is  the  peak  to  total  correction 

(l  -  e*^*)  is  the  crystal  Interaction  correction 

X  is  the  decay  constant 

KC  Is  the  geometrical  correction 


3.3  ESTIMATED  MAGKITUI®  OF  ERRORS 

Each  of  the  specific  manipulations  in  the  system  of  analysis  .lust 
described  has  an  associated  error.  An  estimate  of  these  errors  is  as 
f ollovs : 

1.  Determination  of  the  total  number  of  counts  in  the  pulse  height 
distribution  relative  to  the  number  in  the  full  energy  peak  (peak  to 
total  correction)  as  a  function  of  energy  for  the  specific  crystal  used 
in  this  experiment.  Estimated  error  is  41  percent. 

2.  Determination  cf  the  number  of  gmsma  rays  which  traverse  the 
crystal  without  Interaction  (l  -  e'*4*)  correction  as  a  function  of 
energy.  Estimate  *rror  £2  percent. 

3.  Geometric  correction  to  determine  the  solid  angle  subtended  by 
the  crystal.  Estimated  error  42  percent. 

4.  Porosity  (transmission)  correction  as  a  function  of  energy  for 
the  number  of  garaaa  rays  transmitted  through  the  edges  of  the  lead 
collimator.  Estimated  error  45  percent. 

5.  The  decay  constant  corractlcn,  A. ,  for  Ea2*  and  Estimated 

error  41  percent. 

_ C.  There  is  also  a  general  statistical  counting  error  taken  as 

4  '  Ic  where  I0  represents  the  gross  raw  photons  counted  within  each 
photopeak. 

7.  The  zero  tlxo  correction  was  known  within  an  estimated  error 
of  _40. 1  percent.  This  error  was  insignificantly  aaall  and  therefore 
was  not  coaside rad  in  the  results. 

6.  The  weight  of  each  sample  was  known  within  an  estimated  error 
of  £0.1  percent.  This  error  was  insignificantly  aeali  and  therefore 
was  not  considered  in  the  results. 

Inherent  within  the  system  of  Ocagjtcc  subtraction  is  a  systematic 
error.  This  error  evolves  from  the  foxaulatlon  of  the  subtraction 
curves  and  the  reading  accuracy  of  the  graphs.  This  error,  plus  other 
aaall  systematic  errors,  are  retimated  as  probably  not  mors  them  45 
percent,  and  this  error  has  been  added  to  the  random  probable  errors. 
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Chapter  4 

RESULTS  and  CONCLUSIONS 


U.l  RESULTS  AND  CCHCLUSICBS  FOR  SHOTS  1,  3,  4,  AND  7 

Preliminary  exploratory  measurement u  using  the  single- channel 
analyser  were  made  of  samples  picked  up  free  the  t  xr*t  shots  of  the 
Teapot  series  from  which  it  was  apparent  that  induced  activities  were 
major  contributors  to  sane  of  the  sample  activities.  These  activities 
were  identified  in  the  field  as  Nar4  sad  Mn^3  by  gamma- ray  energy  and 
half  life.  Later  examination  of  other  data  revealed  that  K42  is  also 
a  possible  contributor  but  its  gmana-roy  energy  and  half  life  can  be 
easily  masked  by  that  of  Ha24  and  its  contribution  is  relatively  small. 

Spectral  measurements  were  made  on  ground  samples  from  Shot  1 
(750  ft  air  buret),  from  Shot  4  (500  ft  tower  shot),  and  from  Shot  7 
(underground  shot),  which  show  respectively:  pure  induced  activities, 
mixed  fission-product  and  Induced  activities,  and  almost  pure  fission- 
prouuct  activities  (for  this  discussion  the  Induced  activities  from 
bomb  components ,  especially  Hp239,  are  lumped  with  the  fission- product 
activities,  since  they  are  intimately  mixed  together  in  the  explosion). 
Also  reported  are  the  epectra  from  the  metallic  samples  picked  up  at 
Shot  3  (300  ft  tower  shot). 

The  spectra  from  Semples  1-1  end  1-2*  are  shown  in  Table  k.l. 

Samples  were  obtained  by  a  team  of  two  men  from  Rad  Safe  who  scooped  up 
about  half  a  shovel  of  dirt  from  the  immediate  vicinity  of  the  originally 
planned  ground  zero.  This  was  transferred  to  a  container  and  returned 
to  the  laboratory  at  Mercury.  Semples  1-1  and  1-2  were  both  prepared 
from  this  soil.  The  test  tube  was  filled  to  a  depth  of  3/8  loch  for 
Sample  1-1  and  tc  a  depth  of  one  inch  for  Sample  1-2.  The  assignment  of 
gamma- ray  activities  was  checked  by  exposing  samples  of  NaCl  and  Pe 
(probably  containing  aoue  Wa)  to  the  neutrons  from  Shot  2.  The  0.5  Mev 
line  which  appears  along  with  those  of  the  induced  activities  could  be 
annihilation  radiation  from  an  induced- positron  activity  or  from  pair 
production  by  uigfa-eaergy  radiation,  such  as  the  2.8  Mev  line  from  Ha?4. 
Relative  to  the  amount  of  Na?4,  the  amount  of  Mn5®  in  Sample  1-1  Is  only 
56  percent  of  that  in  Sample  1-2  (after  decay  corrections).  This  is 
indicative  cf  the  sampling  errors  involved  in  this  sort  of  measurement. 

The  spectra  from  Semple  3-2,  a  metallic  piece,  gathered  near  ground 
zero  is  shown  in  Table  k.l  and  has  both  fission  product  and  Induced 
activity  lines.  The  1.4  Mev  line  attributed  to  Ha?4  appears  to  have 
excess  intensity  in  the  first  spectra  and  may  indicate  the  presence  of 
another  activity. 


*  In  numbering  samples ,  the  first  number  designates  the  shot,  the  second 
number  the  particular  sample. 
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Die  spectra  from  Samples  4-1  (taken  by  Project  2.6  personnel  at 
2,400  yards  South  from  ground  zero)  and  4-3  (taken  by  Project  2.4  per¬ 
sonnel  at  600  yards  last  from  ground  zero)  are  also  shown  In  Table  4.1. 

The  samples  were  gathered  in  a  manner  similar  to  Staples  1-1  and  1-2.  The 
discrepancy  in  the  data  of  Sample  4-1  raises  some  question  of  the  assign¬ 
ment  of  the  line  to  the  Na2^  activity  because  the  2.75  lias  is  absent  in 
the  first  3/8/55  spectra  and  the  1.3d  (?)  line  has  disappeared  In  the 
3/8/55  spectra  (20  hours  later);  whereas  it  should  rtlll  be  visible  if  the 
half  life  were  14  hours  as  for  Ha?**.  It  is  possible  that  errors  caild 
have  been  made  In  the  data  recording  process,  but  there  is  no  method  of 
checking  now.  It  is  possible  that  the  activity  is  not  Ha?*  in  this  sample, 
but  there  is  Insufficient  information  to  reach  this  conclusion.  Die  inten¬ 
sity  of  the  two  Ha?^  lines  should  be  equal.  Die  excess  of  intensity  in 
the  1.4  line  might  be  due  to  the  1.5  line  of  K1*2  (in  Semple  4-3,  for 
example ) . 

For  comparison,  a  spectra  taken  at  a  comparable-  time  from  Sample  7*1 
is  Included  In  Table  4.1,  in  which  no  gamma  lines  ancribabla  to  H a?^  can 
be  detected. 

Diese  data  appear  to  be  consistent  with  the  following  picture:  the 
total  fission-product  activities  are  overwhelmingly  greater  than  the  total 
activities  induced  in  nearby  soil  material  by  the  neutrons  from  the  device. 
For  devices  which  are  exploded  at  a  height  of  several  fire  mil  radii,  such 
as  Shot  1,  the  fission  products  are  carried  away  in  the  fal'out  cloud, 
but  activities  are  inducted  in  the  soil  near  ground  zero,  and  (.til  samples 
taken  near  ground  zero  show  essentially  only  soil  induced  ac  cities.  For 
lower  altitude  shots,  such  as  a  tower  shot  (Shots  3  and  4)  for  which  sane 
of  the  soil  found  near  ground  zero  has  been  carried  into  the  stem  and 
cloud  produced  by  the  device,  a  more-equal  ratio  of  soil  induced  activities 
relative  to  fission  product  activities  la  found,  while  samples  obtained 
at  greater  distances  from  ground  zero  show  decreasing  amounts  of  induced 
activities  relative  to  fission  product  activities.  In  the  case  of  a  sur¬ 
face  or  underground  shot,  such  as  Shot  7,  for  which  the  soil  Induced 
activities  are  thoroughly  mixed  with  the  weapon  debris,  the  whole  of  the 
resulting  mixture  Is  distributed  as  fallout.  Die  soil  Induced  activities 
will  be  small  (not  more  than  a  few  percent)  everywhere  compared  to  the 
fission  product  activities. 

Dils  has  important  consequences  for  these  special  cases.  Die  decay 
rate  of  the  induced  soil  activity  is  a  mixture  of  exponential  decays  due 
to  the  2.59-hour  half  life  of  Mn56  the  15.0-hour  half  life  of  Ha?^ 
instead  of  the  t“1,2  decay  typical  of  fission  products.  Die  gleans  spec¬ 
trum  contains  a  large  amount  of  the  highly  penetrating  2.75  Mev  gamma 
line  from  Na2\  while  the  effective  upper  limit  of  the  fission-product  gma ma 
spectrum  is  1.6  Mev. 


4.2  RESULTS  FROM  SHOT  5 

The  results  fran  each  sample,  11  -  50;  are  shown  in  Table  4.2.  - 

Columns  A  and  B  respectively  give  the  number  of  atoms  of  Ha?^  and  at 
zero  time  per  gram  of  soil,  as  calculated  In  accordance  with  the  procedures 
described  in  paragraphs  3*1  and  3*2.  Column  C  is  the  ratio  of  Mn^  to 
Na2^  at  time  zero  for  each  sample. 
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Table  4. 3  compares  the  measured  ratio  of  Mn5^  to  Na^  with  the 
expected  ratio  using  the  observed  ratios  of  manganese  and  sodium  In  the 
soil  types  as  determined  by  the  NRDL  and  anith-fiaery  soil  chemical  analyses. 
The  measured  ratio  of  Mn5^  to  Na24  has  been  determined  from  the  four  samples 
of  that  type  using  a  weighting  factor  inversely  proportional  to  the  percent 
error  associated  vith  the  Individual  samples.  Calculations  of  expected 
Mn5«  and  Na2^  he~e  been  made  from  the  soil  chemical  analyses  using  the 


TABLE  4.3  COMPARISON  OF  MEASURED  Mn  TO  la  RATIO 
TO  THAT  EXPECTED  FROM  CHBQCAL  AMALYSBS 
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assumption  that  all  activation  is  produced  from  (n ,Y)  reactions  in  the 
thermal  energy  region.  For  sodium,  the  thermal  neutron  cross  section  used 
was  O.56  £0.3  barns,  and  for  manganese,  13.4  £0.3  barns  (Reference  17 ). 


4.3  INCIDENT  NEUTRON  RADIATIONS 

Provided  certain  assumptions  are  a<  :epted,  it  is  possible  to  calcu¬ 
late  from  the  information  in  Tables  4.2  and  4.3  the  incident  thermal  neu¬ 
tron  flux  at  each  of  the  four  sample  station  locations.  Of  primary  Impor¬ 
tance  is  the  assumption  that  all  Na24  and  Mn56  activity  was  produced  from 
Na23  and  Mn55,  respectively,  by  an  (n,y)  process.  Diis  is  not  necessarily 
true,  since  it  is  also  possible  to  produce  these  radioisotopes  by  an  (n,p) 
reaction  on  Mg2^  and  Fe?6,  respectively,  and  by  an  (n,a )  reaction  on  Al27. 
However,  all  these  reactions  have  thresholds  in  excess  of  3  Mev.  Since 
neutron  flux  measurements  show  (Reference  l8)  %  large  predominance  in  the 
thermal  region,  the  assumption  that  all  Na2^  and  Mn56  la  produced  by  a 
thermal  neutron  reaction  does  not  appear  unreasonable. 

The  measured  thermal  neutron  flux  was  measured  (Reference  18)  at 
each  of  the  four  sample  locations  by  gold  foil  detectors.  It  will  be 
noted  that  the  average  neutron  flux  at  both  50  yards  and  15 0  yards  from 
ground  zero  are  consistently  lower  using  the  sodium  and  manganese  data 
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than  was  obtained  using  the  gold  data.  This  Is  somewhat  inconsistent  with 
the  idea  that  Na^4  and  Mn5o  should  have  been  obtained  front  both  thermal 
and  fast  neutron  reactions.  If  any  discrepancy  were  noted;  it  would  have 
oeen  expected  to  be  the  reverse  of  what  was  observed. 

For  tne  neutron-flux  calculations  presented  in  Tahla  4.4,  the  HRDL 
quantitative  chemical  analyses  were  used  for  the  sample  content  of  sodium 
and  manganese.  Sane  discrepancies  will  be  noted  if  the  Smith- Baery 
analyses  are  used.  The  neutron  fluxes  at  the  50-yard  and  150-yard  posi¬ 
tions  are  plotted  in  Figure  4.1  for  each  sample  using  both  NRDL  chemical 
analyses  (Plot  A)  and  the  anlth-Qnery  analyses  (Plot  B).  Note  the  inver¬ 
sion  of  the  sodium  and  manranese  average  neutron  flux  values  between  the 
two  analyses.  This  shift  is  attributed  directly  to  the  soil  composition 
as  defined  by  the  two  chemical  analyses. 

Another  way  of  plotting  the  data  is  done  in  Figures  4.2  and  4.3. 
sing  the  gold  neutron  flux  values,  effective  neutron  activation  cross 
sections  have  been  determined  for  each  sample .  Figure  4.2  shows  the 
results  for  sodium  and  Figure  4.3  for  manganese.  Note  that  for  many 
samples  the  cross  section  is  less  than  the  thermal  neutron  activation 
cross  section,  which,  as  indicated  before,  its  not.  reasonable.  However, 
in  all  cases,  the  value  of  the  cross  section  for  each  individual  sample 
is  relatively  close  to  the  thermal  neutron  activation  cross  section, 
which  strengthens  the  initial  assumption  that  use  of  the  thermal  neutron 
cross  section  alone  is  a  reasonably  valid  assumption. 

4.4  UNXFOmm  OF  SOILS 

In  discussions  with  the  Soil  Conservation  Service,  emphasis  was  placed 
on  the  fact  that  these  samples,  taken  at  single  points,  are  not  represen¬ 
tative  enough  of  any  one  of  the  individual  soils  for  a  specific  application 
of  these  results.  As  an  example,  the  fact  vas  smphaslsed  that  in  the 
Nevada  Test  Site  area,  the  salt  content  of  the  soil  concentrates  by  a 
factor  of  at  least  2  directly  beneath  the  desert  vegetation.  Therefore, 
the  activation  per  gram  of  soli  taken  from  an  open,  unvegetated  area  will 
be  lower  than  the  same  soil  surrounded  or  covered  by  vegetation.  Similarly, 
numerous  soil  samples  taken  from  various  locations  within  the  Be*"  la  Test 
Sit?  area  have  shown,  upon  analysis,  considerable  differences  *  diva 
content,  approaching  a  factor  of  4.* 

The  Overall  reliability  of  the  neutron-flux  figures  as  calculated 
is  open  to  some  question  based  on  the  differences  in  chemical  analyses 
of  the  soils.  The  calculation  of  the  number  of  radioactive  atoms  at  time 
zero  possesses  a  greater  reliability  since  the  soil  analysis  did  not  enter 
these  specific  calculation* . 


4.5  EECAI  OF  SOIL  INDUCED  ACTIVITIES 

The  half  lives  of  the  two  isotopes,  Ba^  and  found  as  soil 

induced  activities  are  15*0  hours  and  2. *>6  hours,  respectively.  9m  half 
life  of  the  overall  soli  activity  vl 11  be  dependant  upon  the  relatl^ 
amount*  of  these  two  isotope*  present  in  the  sell,  For  ample ,  Soil  2, 
Blpe  clay,  has  a  large  Mn^/Nm^^  ratio;  thus,  it  decays  with  s  half  lift 
approaching  the  2.56-hour  half  life  of  Conversely,  San* ie  0  has  a 
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very  low  ratio,  such  that  its  half  life  approaches  the  15.0-hour  half  life 
of 

If  a  mixture  of  soil  induced  activities  and  fission  product  fallout 
constitute  the  radiation  field,  the  observed  Hal  f  life  will  be  cone  strongly 
dependent  upon  the  Induced  activity  half  life  within  a  few  hours  after 
detonation,  providing  the  quantity  of  soil  Induced  activity  existing  in 
the  mixture  is  of  the  sane  order  of  magnitude  as  the  quantity  of  fallout, 
lhe  gross  fission-product  half  life  changes  with  time,  decaying  rapidly 
at  early  times,  leaving  the  relatively  constant  decay  of  the  soil  induced 
activities  as  the  major  contributor  to  the  activity  during  a  major  part  of 
the  first  day  or  two  after  detonation. 


4.6  CCBCLUSIOSS  FROM  SHOT  5 

The  relative  probability  for  the  production  of  radioactive  isotopes 
in  ten  different  soils  by  the  neutrons  frc®  a  specific  relatively  high 
neutron- flux  experimental  device  has  been  found  for  four  different  loca¬ 
tions  relative  to  ground  tero.  Only  Na2*  and  Mn5o  activities  have  defin¬ 
itely  been  Isolated,  aud  it  would  appear  that  the  Induced  gamma  radiation 
activities  at  times  greater  than  1  hour  after  detonation  from  most  soil 

types  will  be  these  two  radiactive  Isotopes.  What  changes  would  be  made 
because  of  a  different  c/pe  of  device  having  a  different  neutron  spectrum 
Is  unknown.  Mhat  difference  would  be  made  because  of  differing  water 
content  In  the  soils,  with  appropriate  moderation  of  the  neutrons,  is  also 
unknown. 

The  specific  use  of  these  results  to  calculate  the  dose  rate  above  a 
uniform  plane  of  soil,  activated  by  the  detonation  of  a  high  neutron  flux 
weapon,  should  be  considered  only  as  a  tentative  answer.  Some  considera¬ 
tions  as  to  the  inaccuracy  of  this  answer  are:  (1)  only  four  values  of 
activation  as  a  function  of  distance  are  known;  (2)  no  information  is 
available  concerning  the  activation  as  a  function  of  depth  below  the  soil 
surface;  (3)  the  general  gamma- ray  field  spectra  above  such  a  plane  is  not 
established  with  the  desired  degree  of  precision  necessary  for  evaluation 
of  oosage;  and  (4)  the  relative  densities  of  the  various  soils  and  their 
attenuation  of  gamma  and  neutron  radiation  as  a  function  of  density  is  not 
established. 


4.7  LORG-UVKD  ACTIVITIES 

Approximately  six  month*  after  the  control  pulse  height  spectra  were 
■sede,  further  analyses  of  a  qualitative  nature  only  were  performed  on 
soil  Semples  11-20.  inclusive.  The  results  show  some  long-lived  activity, 
not  c?  military  significance,  but  in  an  amount  which  adght  possibly  have 
long-term  effects.  The  activities  were  so  weak  that  quantitative  measure¬ 
ments  were  not  possible. 
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Chop')#*'  5 

RECOMMENDATIONS 


Upon  review  of  this  experiment  ,  the  following  recamsendationa  are 
made  with  regard  to  future  work  on  the  subject  of  induced  activities  in 
soils: 

1.  All  staples,  which  are  a  mixture  of  a  number  of  elements,  such 
as  soil  samples,  should  be  prepared  as  a  uniform,  finely-ground,  homo¬ 
geneous  material  to  achieve  uniformity  for  chemical  analysis. 

2.  To  obtain  Information  regarding  specific  areas,  representative 
sampling  should  be  made  . 

3.  Bie  possibility  of  using  pure  salts  in  future  exposures  should 
be  investigated.  The  relations  to  the  actual  soils  could,  be  made  mathe¬ 
matically  from  analysis  of  chemical  content  of  the  soils. 

4.  Studies  should  be  made  on  the  relative  activation  as  a  function 
of  depth  below  the  surface. 

5*  Further  information  should  be  obtained  regarding  the  relative 
neutron  capture  croas  sections  in  the  soil  by  elements  producing  gamma 
emitters  to  elements  producing  non-radioactive  isotopes  or  isotopes 
decaying  only  by  be  la  emission.  One  specific  factor  to  be  consider!  is 
the  effect  of  water  content  within  the  soil. 

6.  The  extension  of  sampling  distance  from  ground  zero  is  desirable 
to  indicate  the  effect  of  neutron  spectrum  hardening  on  the  capture  cross 
section  for  the  elements  present  in  the  soil. 

7-  Heutron  irradiation  of  selected  samples  in  a  reactor  or  cyclotron 
beam  should  be  made  to  evaluate  laboratory  methods  for  determining  induced 
activity  radiation  fields.  Field  spectral  measurements  would  be  required 
then  only  as  a  check  of  information  or  to  obtain  information  which  could 
not  be  obtained  in  the  laboratory. 
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Appandix  A 

PHYSICAL  CHARACTERISTICS  r  THE 
NINE  SOIL  SERIES  SUf  PLIED  dY  THE 
DEPARTMENT  OF  ARGICULTURE 


A'i  soil  msaupnans 

Physical  descriptions  have  been  obtained*  for  the  soil  series  appro¬ 
priate  to  nine  of  the  ten  soils  used  in  this  experiment.  Malle  Soil  9  Is 
not  described  specifically,  it  does  approximately  fit  the  0  Spring  Series. 
Sene  Series  Descriptions  are  listed  as  tentative  end  are  subject  to  change 
by  the  U.  S.  Department  of  Agriculture.  Parts  of  the  official  descriptions 
have  been  deleted  for  the  sake  of  brevity  as  not  applicable  to  this  experi¬ 
ment. 


A. 1.1  Soil  0.  Spring  Series.  The  Spring  series  includes  imperfectly 
or  poorly  drained  Solonchak  soils  of  the  arid  Southwest.  They  are  devel¬ 
oped  on  fine- textured  valley- filling  materials  and  lake-laid  sediments  on 
nearly  level  land.  They  are  light-colored,  calcareous  soils,  and  contain 
moderate  to  high  concentrations  of  salts.  They  occur  in  southern  Kevada 
where  the  mean  annual  precipitation  is  shout  5  inches  and  the  mean  annuel 
temperature  about  60°F. 

a.  Soil  Profile  (Spring  clay  -Loam) 

1.  Light  grayish -brown  compact  calcareous  clay  loam 
crust;  about  an  inch  thick.  The  lover  part  is  vesicular  and  has  a  pine 
tinge. 

2.  Light  pinkish-brown  friable  granular  mulch  of  . -1- 
careoua  heavy  clay  loam;  very  plastic  when  wet;  about  three  Inches  thick. 

b.  Variations.  aspect  ion  of  the  subsoil  varies  considerably, 
ranging  from  slightly  c aspect  in  the  fins  sandy  loaa  to  compact  and  to  •gh 
in  the  clay  loam  soil  types.  The  lower  subsoil  is  somavhat  mottled  in  the 
areas  of  high  water  table  but  does  not  appear  to  be  mottled  in  most  arses. 
The  areas  with  high  concentration  of  salts  have  a  more  pronounced  mulch 
layer  than  the  sore  nearly  self- free  areas 

A. 1.2  Soil  1.  Oooowingo  aeries.  The  Cooowingo  soils  are  developed 
frem  serpentine  in  the  northern  Piectaont  Plateeu,  mainly  in  fezmayl vania 
and  Maryland.  The  soils  of  til*  sezies  are  dominantly  shallow  but  may  be 
very  shallow,  ifcere  soils  are  very  shallow,  areas  are  locally  known  as 
"Barrens.'’  They  occur  in  association  with  the  Chester  and  Manmnr  soils. 


*  From  U.  S.  Department  of  Agriculture,  Soil  Conservation  Service. 
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They  are  not  widely  distributed,  and  their  total  area  seems  limited. 

a.  Soil  Profile  (Conowingo  silt  loam,  forested) 

Aq  l/2-O"  leafsoold  consisting  of  well-decayed  plant  residues. 

0-1"  thick. 

A1  0-2"  light  gray  (10YR  7/2  -  6/1)  silt  loam  containing  some 

organic  matter;  weak  fine  to  medium  granular  structure; 
very  friable;  very  strongly  acid.  1-3"  thick. 

Aq  2-8"  ligrt  gray  (1CDCR  7/1)  cilt  loam;  very  friable,  neo¬ 

plastic;  very  strongly  acid.  4-9"  thick. 

b.  Range  In  Characteristics.  Where  associated  with  t’e  Heshaminy, 
Ufrbana,  Calve  r,  and  Aldino  series,  Conowingo  soils  grade  toward  those 
series.  Extensive  areas  of  very  shallow  soils  and  same  rock  outcrop' 
ccoananiy  occur  in  association  with  typical  Conowingo  soils.  Colors  given 
in  the  profile  description  above  are  for  dry  conditions.  When  soil  is 
moist,  colors  are  two  or  three  unite  of  value  lower. 

A.1.3  Soil  2.  Wipe  Series.  The  Nipe  series  comprise  excessively 
drained  dark  to  dusky  red  soils  (Latosols)  derived  free*  serpentine  in 
upland  areas  of  Puerto  Pico  end  Cub*.  Tteae  sells  are  easily  identified 
because  they  stain  clothing  and  akin  a  "purplish-red"  color  even  when  they 
are  dry.  The  lower  parts  of  buildings  constructed  on  the  soi_  xe  stained 
dark  red.  The  clay  io  "she  only  type  in  the  series,  which  is  not  widely 
distributed  nor  extensive. 

a.  Soil  Profile  (Wipe  clay) 

0-6"  Very  duvy  red  clay  with  moderate  fine  and  medium 
granular  structure;  soft,  .friable,  very  slightly 
plastic;  neutral  or  slightly  acid.  0-8"  thick. 

6-24"  Dusky  red  to  dark  red  clay  with  weak  fine  granular 

structure;  soft,  friable,  ncn-plaatic;  highly  permeable 
nfautr*.'..  1  ^-30"  thick. 

b.  Range  in  Gh^i*cteriatic8.  The  darken  surface  layer  is 
occasionally  more  than  8  inches  thick,  bit  it  may  be  entirely  lacking 
because  of  erosion.  Depth  to  bedrock  is  connonly  great,  ranging  from  a 
few  to  many  feet  in  diameter.  Low  fertility  of  the  soil  is  reflected  in 
slew  growth  of  vegetation. 

c.  Distribution.  Western  Puerto  Rico  and  eastern  Cuba. 

A.1.4  Soil  3*  Koolau  Series.  The  soil  of  the  Kbolau  series  occurs 
In  wet  regions  at  the  uppor  limit  of  the  areas  used  for  grazing  or  rX  the 
lower  limit  of  present  forests.  It  is  at  elevations  ranging  from  400  to 
5,000  feet  and  receives  an  annual  rainfall  of  100  to  250  Inches.  The  soil 
occurs  entirely  within  vegetation  zone  I>>  on  the  islands  of  Kaur* ,  Maul, 
Molokai,  and  Oahu. 
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The  Koolau  soil  occupies  the  driest  part  of  the  region  occupied  by 
the  Hydro!  Humic  Latoeols,  but  rainfall  is  extremely  high.  The  profile 
is  characterized  by  the  grayness  of  the  Ax  horizon,  the  yellowness  of  the 
B  horizon,  and  the  "a&eariness”  of  the  soil  material  when  it  is  vet*  When 
the  soil  dries,  the  clays  dehydrate  Irreversibly  and  form  hard  granules. 
The  soil  le  very  highly  leached  and  almost  completely  depleted  of  bases. 
Si.1  lea  has  also  been  removed,  so  there  are  high  concentrations  of  iron  and 
al  mm  compounds.  Silica- sesqui oxide  ratios  are  generally  0,5  or  below. 


0-9”  Dark  gray  silty  clay;  moderately  developed  course  or 
medium  granular  structure;  friable  when  moist,  firm 
or  hard  when  dry,  smeary  when  vet;  pH  4.0  to  5.0; 
roots  very  numerous. 


B  9*27"  Yellowish-brown  to  yellowish-red  silty  clay; 

moderately  developed  medium  blocky  structure;  hard 
when  dry.  friable  when  moist,  strongly  smeary  when 
wet;  pH  4.0  to  5*0;  roots  present;  may  be  weakly 
mottled  with  gray  in  lower  part. 


In  places  the  Koolau  sell  appears  to  be  developing  Into  a 
soil  comparable  to  those  of  the  Humic  Ferruginous  La  to  sol  group.  The 
surface  layer  in  these  areas  is  silty  and  high  in  bulk  density,  and  on 
close  examination  is  seen  to  be  made  up  of  fine  earth  in  which  are  many 
tiny  glistening  specks.  Under  the  microscope,  these  specks  are  seen  to 
be  definite  crystals  that  have  been  Identified  in  other  soils  as  magnetite, 
anatf  Je,  or  llmenlte.  An  area  on  the  island  of  Oahu  has  been  Included 
that  has  a  concentration  of  resistant  primary  minerals  in  a  kaollnite 
base.  The  Inclusion  of  reshtant  materials  is  thought  to  be  an  exception 
rather  than  the  rule  for  the  series  as  a  whole. 

Dae  soil  properties  vary  somewhat  with  elevation  and  with 
Increasing  rainfall.  At  the  lover  altitude  limit,  the  soils  grade  into 
the  Humic  Latosols;  f-z>.£  horizons  are  more  distinctly  granular  and 
browner  and  \a  B  horizons  are:  more  distinctly  reddish.  Near  the  upper 
and  wetter  limits  of  the  series,  the  soil  assumes  some  hydromorphic  charac¬ 
teristics  .  The  Ax  horizon  is  less  distinctly  yellowish  a**l  in  some  places 
may  be  weakly  mottled  with  gray  in  the  lower  part.  The  mottling  indicates 
poor  aeration.  The  series  as  a  whole,  however,  consists  of  material  that 
is  very  porous  and  Is  easily  penetrated  by  water.  This  material  has  high 
water-holding  capacity,  and  the  clays  shrink  markedly  on  drying. 

A.  1.5  Soil  4.  Norfolk  Series.  The  Norfolk  series  include  the  most 
prominent  of  the  Yellow  Podzolic  soils  in  the  Atlantic  and  Gulf  Coastal 
Plains.  These  soils  have  been  formed  from  thick  unconsolidated  beds  con¬ 
sist  hag  chiefly  of  acid  sandy  clay  losms  In  which  there  are  layers  of  sand, 
sandy  loam,  and  sandy  clay.  Because  of  its  vide  distribution,  the  Norfolk 
series  is  associated  with  a  large  number  of  other  soils.  It  is  perhaps 
most  frequently  associated  with  and  closely  related  to  the  Marlboro,  Tifton, 
Rus ton,  Gilead,  Orangeburg,  Lakeland,  and  Kershaw  soils.  Die  Norfolk 
series  may  also  be  associated  with  a  number  of  other  soils  such  as  the 
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Bowie,  Blanton,  Susquehanna,  Bovwell,  Cuthbert,  and  Shubuta  series.  The 
Norfolk ,  Marlboro,  and  Tift  on  soils  have  profiles  that  are  similar  morpho¬ 
logically  in  many  respect*.  Norfolk  soils  have  thicker  A  horizons,  more 
friable  B  horizons,  and  *  indie r  so luma  than  do  Marlboro  soils.  They  lack 
tbi  veakly  cemented  B  horizons  and  the  fine  textured  C  horizon  of  the 
Gilead  soils.  They  are  lighter  colored,  less  brown,  and  contain  fewer 
concretions  throughout  the  profile  than  the  Tifton  aeries  which  also  has 
a  more  sticky  B  horizon.  Norfolk  soils  have  more  uniformly  colored  lower 
B  horizons  and  are  less  fine  textured  in  the  C  horizon  than  are  Bowie 
soils.  lhey  are  much  more  yellow  in  the  B  horizon  and  perhaps  less  well- 
drained  on  the  whole  than  the  Ruston  and  Orangeburg  series  which  are  mem¬ 
bers  of  the  Red  Podzolic  group.  They  have  much  shallower  surface  layers 
of  sandy  materials  than  do  the  Lakeland  and  Kershaw  series.  The  Norfolk 
series  is  one  of  the  most  widely  distributed  and  extensive  soils  in  the 
Atlantic  Coastal  Plain  and  in  the  eastern  part  of  the  Gulf  Coastal  PJain. 
The  series  is  used  for  a  large  variety  of  crops  and  is  of  major  agricul¬ 
tural  importance. 


A1 


Ag 


% 


a.  Soil  Profile  (Norfolk  fin*  sandy  loam) 

0-2"  Dark  gray*-  to  gray  nearly  loose  loamy  fine  sand  or 

light  fine  sandy  loam  with  fine  weak  crumb  structure; 
strongly  acid.  1-4"  thick. 

2-15"  Pale  yellow  nearly  loose  loamy  fine  sand  or  very  light 
fine  sandy  loam;  essentially  structureless;  strongly 
acid.  8-14"  thick. 

15-18"  YeUow  to  light  yellowish-brown  very  friable  fine  sandy 
loam  or  light  fine  sandy  clay  loam  with  medium  weak 
blocky  structure;  strongly  acid.  2-6"  thick. 

18-38"  Yellow  to  light  yellowish-brown  friable  fine  sandy 

clay  loam  with  mediim  moderate  to  weak  blocky  structure 
strongly  acid.  14-24"  thick. 


b.  Range  ir.  Characteristics.  The  principal  types  in  the 
series  are  sandy  loams  and  loamy  sands.  Phases  are  recognized  where  the 
thickness  of  the  A  horizon  exceeds  18  inches  but  not  30  inches.  Where 
the  sandy  material  is  more  than  30  inches  thick,  on  the  average,  the  soil 
is  included  in  the  Lakeland  series.  In  cultivated  fields  the  Aj,  horizon 
is  mixed  with  the  upper  part  of  the  Ag  horizon  and  loses  its  identity. 

The  texture  of  the  Bg  horizon  is  commonly  sandy  clay  loam  but  it  may  be  a 
heavy  sandy  loam  or  a  light  sandy  clay.  Snail  rounded  quartz  gravel  are 
present  on  the  surface  and  throughout  the  profile  in  places.  There  may 
also  be  some  small  rounded  iron  concretions  in  the  scil,  especially  where 
ix,  is  assc elated  with  the  Tifton  series. 


Provisional  soil  survey  color  names,  1946,  have  been  used. 
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c.  glatributlon.  north  Carolina,  South  Carolina,  Virginia, 
Georgia,  Alabama,  Florida,  Mississippi ,  Louisiana,  Arkansas,  and  eastern 
Texas. 


d.  Remarks.  The  deeper  sands  and  lossy  sands  formerly 
included  in  the  series  are  now  included  chiefly  in  the  Lakeland  and 
Kershaw  series.  Norfolk  series,  named  for  the  city  in  Virginia,  is  no 
longer  recognized  in  the  original  area,  Cecil  County,  Maryland. 

A.  1.6  Soil  5.  Carrington  Series.  The  Carrington  series  includes 
zonal  Prairie  soils  developed  on  Icvan  till  which  has  slight  to  medium 
plasticity,  a  heavy  loam  to  sandy  clay  loan  texture,  and  is  leached  to 
50  or  55  inches.  They  resemble  in  color  the  Tama  soils  of  loeseial  origin 
and  are  distinguished  from  the  Clarion  soils,  which  are  developed  in 
glacial  till  of  the  Mankato  subage  of  the  Wisconsin,  in  having  slightly 
heavier  textured  B  horizons,  a  greater  depth  to  free  carbonates,  and  a 
more  compact  and  plastic  underlying  till,  which  was  a  heavy  sandy  clay 
loam  texture. 

a.  Soil  Profile  (Carrington  loam*) 

1.  Dusky-brown  to  brownish -black  when  moist;  loose, 
mellow,  fine  granular  loam;  strongly  acid.  8-12"  thick. 

2.  Transition  layer,  ranging  tran  granular,  dusky- brom 
loam  or  clay  loam  in  the  upper  part,  to  brown  exay  loom  in  the  lower  part, 
strongly  acid.  8-10"  thick. 

3.  Dark  yellowish-bream  heavy  loam  to  clay  loam,  weakly 
sub-angular.  The  material  is  well  oxidized  and  leacued  of  carbonates; 
slightly  acid. 

b.  Range  in  Characteristics.  The  surface  layer  varies  in 
thickness  and  darkness  with  the  degree  and  shape  of  slope.  A  thin 
covering  of  loess  may  have  added  to  the  composition  of  the  more  silty 
types.  Occasional  boulders  and  gravel  are  scattered  over  the  surface  of 
these  soils  and  through  the  soil  section. 

c.  Distribution.  Eastern  Iowa  and  Minnesota. 

A.  1.7  Soil  6.  Chester  Series.  The  Chester  series  are  gray  brown 
Podzolic  soils  of  the  northern  part  of  the  Piedmont  Plateau.  The  soils 
are  underlain  by  and  developed  from  the  weathered  products  of  gneiss, 
granite,  and  schist.  They  occupy  the  smoother  relief  flanked  by  the  more 
steeply  sloping  lands  with  less  developed  soils  of  the  Manor  series. 

Acid  in  reaction. 

a.  Soil  Profile  (Chester  loam) 

A^  0-3"  Pale  brown  to  weak  brown  loam  with  considerable  organic 

matter  and  a  shallow  covering  of  leaftoold;  fine  to  med¬ 
ium  weak  crumb  structure;  strongly  acid.  1-3"  thick. 


*  Colors  according  to  Misc.  Pub.  425,  U.  S.  D.A. 
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Ag  3-12"  Light  brown  to  brownish-yellow  loan;  mellow  and  friable. 

Both  of  these  layers  carry  a  high  percentage  of  silt. 

In  cultivated  fields  the  surface  is  brownish  to  gray 
to  light  yellowiafa-brcwn.  Fine  weak  crumb  structure; 
strongly  acid.  6-10"  thick. 

b.  Range  in  Characteristics,  anall  areas  having  brown  soils 
and  reddish-brown  subsoils  are  no**  recognised  as  Eli  oak  where  they  occur 
in  sufficient  size  to  delineate;  texture  ranges  frca  silt  loan  to  slate 

c.  Distribution.  Pennsylvania,  Maryland,  Virginia,  and 

Delaware. 

A.1.8  Soil  7«  Houston  Black  Series.  This  is  a  aonotype  series 
consisting  of  Houston  Black  clay  and  its  several  phases,  which  are  black 
to  dark  gray  granular  clayey  Rendzinas  developed  on  chalk,  sari ,  or  calca¬ 
reous  clay  in  warm- temperate  humid  prairies.  Where  developed  on  chalk  or 
chalky  marl  the  associated  series  are  Austin  and  Body;  where  developed 
on  calcareous  clays  or  clayey  marls  the  associated  series  are  Wilson, 

Hunt,  Houston,  and  Sumter.  Houston  Black  is  a  darker,  less  granular, 
deeper,  and  less  permeable  than  Austin,  the  content  of  clay  throughout 
the  solum  being  greater,  and  of  C&CO3,  lower.  Houston  soils  are  browner 
and  generally  more  sloping  and  less  deeply  developed  than  Houston  Black 
clay.  Hie  series  similar  to  Houston  Black  but  developed  in  the  (brand 
Prairie  on  limestones  interbedded  with  marls  is  San  Saba;  the  none  ale  are - 
oua  equivalent  is  Hunt;  and  the  stream  terrace  analogue  is  Bell. 

'  a.  Soil  Profile.  (Houston  Black  clay) 

0-l8"  Very  dark  gray  (black  when  moist)  clay;  medium  granular; 
very  sticky  and  plastic  when  wet;  very  crumbly  when 
slightly  moist;  calcareous.  10-20"  thick. 

16-40"  Same  as  horizon  1  except  that  it  is  weekly  granular 
to  coarse  blocky,  lower  in  organic  matter,  and  con¬ 
tains  a  few  concretions  of  CaCO^  in  lower  part. 

0-30"  thick. 

b.  Range  in  Characteristics.  Thickness  of  dark  layer  is 
wavy  ftnd  ranges  from  5  to  50  inches  in  relation  to  micro-relief;  color  of 
horizon  1  ranges  from  black  to  dark  olive  gray  and  gray  (values  of  2/  to 
5/);  where  developed  over  chalk ,  horizon  2  is  dark  grayish  brown  and 
strongly  granular;  shallow  phases  are  15  to  3^  inches  deep  over  chalk; 
grave 11}  phases  have  water -worn  pebbles  of  chert  and  quartzite  cn  the 
surface;  In  level  phases  the  lower  subRil  is  gray. 

c.  Distribution.  Prairies  within  the  Oilf  Coastal  Plain  in 
eastern  central  Texas,  southern  Oklahoma,  Alabama  and  probably  Arkansas. 

d.  Remarks.  The  soil  has  an  extremely  high  coefficient  of 
expansion  and  contraction  on  wetting  and  drying  and  the  clay  content 
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generally  exceed*  6o  percent.  Grevi.ee*  3  to  6  lichee  vide  and  extending 
to  a  depth  of  several  feet  fora  during  extremely  dry  period*,  and  puddled 
material  cruable*  with  one  thorough  vetting  and  drying.  Prior  to  19hC, 
Houston  Black  clay  vac  regarded  a*  a  black  day  type  of  the  Houston  eerie* 
but  1*  now  of  *  separate  series,  Houston  Black.  Color#  are  described 
with  provisional  Boll  Survey  cola*  n*aes  tod  refer  to  dry  eoll  unless 
stated  otherwise . 

A.1.9  SoU  9.  I  Head  Series.  ILLaad  soils  are  asonal  toils 
of  the  southwestern  desert  region.  They  are  calcareous,  friable,  gray, 
and  are  derived  largely  frcn  gravelly  alluvial  vaah  over  lake* laid  sedl- 
aents.  these  soils  occupy  ancient  beach  llxns  at  the  outer  Margins  of 
the  former  Sri  ton  See  in  California,  they  occur  in  southeastern  Cali¬ 
fornia  where  the  mean  annual  precipitation  1*  about  3  inch**,  naan  annual 
teaperature  about  70°P,  winter*  ere  alld,  and  war*  very  hot.  lbs 
precipitation  occur*  mostly  in  tvo  periods— -early  autumn  and  lata  winter. 

a.  Soil  Profile  (II land  gravelly  sand).  Light  grayish-brown 
or  light  brownish-gray  calcareous  incoherent  sand;  very  lew  in  organic 
aa.ter;  ha*  a  quantity  of  water -worn  gravel,  consisting  principally  of 
granite,  chert,  quarts,  and  sandstone  ranging  from  1/2  to  3  inches  in 

ol  master,  scattered  on  the  surface,  but  rarely  below  a  depth  of  3  inenes; 
about  8  inches  thick. 

b.  Variations.  Chiefly  in  depth  of  tbo  alluvial  material 
above  the  stratified  lake-laid  sediments  sod  In  the  texture  and  color  of 
the  stratified  layers.  These  layers  are  exceedingly  variable,  tn  a  few 
places  the  surface  soil  has  an  ashy-gray  cast  and  in  some  places  con¬ 
glomerate-lie  gravels  cemented  with  lime  occur  on  the  surface. 

c.  Distribution.  Southeastern  California. 
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